Electron-temperature-gradient (ETG)-driven solitons are studied in a plasma. We derive the linear dispersion relation and an admitted solitary wave solution Korteweg-de Vries-type equation (KdV) for the ETG mode in the nonlinear regime by using the Braginskii model and a transformation. It is found that the ETG mode supports only rarefactive solitons. It is also observed that the ratio of electron-to-ion temperature t = T T, e i the ratio of gradient scale lengths h = L L , n T e and the magnetic field B affect both the amplitude and width of a soliton. It is found that the soliton profile changes with variation in these parameters. We apply the homotopy perturbation method to the derived KdV equation. It is found this method is computationally attractive and the results are very impressive. This work may be useful to study the low electrostatic modes in inhomogeneous electron-ion plasma with density and ETG gradients. For illustration, the model has been applied to tokamak plasma.
Introduction
Electron-temperature-gradient (ETG) mode has been the cause of extensive research in laboratory experiments. ETG modes are one possible source of anomalous electron heat transport in fusion plasmas. Their nonlinear behavior is full of surprises and demonstrates new aspects of temperaturegradient-driven turbulence, both in the electron and the ion channel. It is well known that enhanced fluctuations can cause anomalous particle and heat transport across external magnetic fields in plasmas [1] [2] [3] [4] . Accordingly, attention has been focused on studying various kind of drift-wave instabilities. Typical examples are universal and collisional drift-wave instabilities [1] , and trapped-particle as well as pressure-gradient-driven drifts waves [5] [6] [7] [8] in electron-ion plasma. In contrast, in non-uniform magnetized electron plasma, various types of drift oscillations appear as normal modes [2, [9] [10] [11] .
Generally, plasmas are inhomogeneous, so that a source of free energy is available to excite the drift-wave instabilities. Physically, drift-wave instability arises as a result of phasebunching of the particles. These instabilities are responsible for plasma-confinement degradation [1, 2, 12] . Several types of drift-wave instabilities have been investigated in order to settle the plasma-confinement issue. Typical examples are trappedparticle dissipative instabilities [13, 14] and pressure-gradientdriven drift-wave instabilities in electron-ion plasmas [15] [16] [17] as well as in pure electron plasmas [18] . In toroidal plasmaconfinement configuration, viz. the tokamak configuration, two particle populations exist: [19, 20] that trapped in the local mirrors of the toroidal magnetic field and that circulating along the magnetic lines of force around the torus. Since tokamak plasmas usually have inhomogeneous kinetic pressure, it is of practical importance to investigate the pressure-gradient-driven electrostatic drift-wave instabilities for both types of species. Liang et al studied the multi-resonance effect in ELM (edgelocalized mode) control with magnetic perturbations on the JET tokamak [21] .
In classical and Neoclassical processes, anomalous transport triggered by Coulomb collisions have been studied extensively [4, [22] [23] [24] . Thus, anomalous transport is the main problem in the confinement of plasma due to temperaturegradient drift mode [25] . Several authors have investigated electron (ion) temperature-gradient-driven drift modes to explain anomalous transport in fusion plasmas [5, 6, 17] . The drift-wave modes propagate in a direction transverse to the external magnetic field along with ion sound waves propagating in a parallel direction [26] . Jermen et al derived a dispersion relation for the ITG mode for the low-frequency electrostatic waves of plasma [27] , and Shukla et al then carried out this work for the ETG mode [28] . More recently, Khan et al showed the importance of entropy in ITG mode [29] and Yaqub et al studied the effect of entropy in ETG mode [30] .
In plasma vortices, solitons and shocks are important structures for heat, mass, and momentum transport [31] [32] [33] [34] . A better understanding of such plasma structures plays an important role in laboratory research [35, 36] . Sabry et al studied such structures using electron-positron and electronion quantum magnetoplasma [37] . For inhomogeneous plasmas with ETGs, Tasso derived a nonlinear equation and found a shock-like structure [38] . and Lakhin et al found that ETG gradients are necessary for the shaping of drift solitons [39] . Zakir et al discussed ITG-mode-driven solitons and shocks [40] . They presented a theoretical study of a soliton profile and
i are ion-density and temperature-gradient scale lengths) affects the soliton structures. In addition, Aburdzhaniya studied drift solitons with cold electrons [41] .
Homotopy perturbation method (HPM) [42, 43] has attracted a lot of attention in relation to constructing gauge and exact solutions to Boussinesq equations that describe the motion of long waves in shallow water under gravity and in a one-dimensional nonlinear lattice [44] . This method provides the solution in a rapidly convergent series with components that can be simply computed. The HPM is useful for obtaining both closed-form explicit solutions and numerical approximations of linear or nonlinear differential equations, integral equations, differential-difference equations and it is of great interest to applied science, engineering, physics, biology, etc. It should be noted that Geng [45, 46] was the first scientist to point out the effective approach to such problems using the homotopy perturbation, variational iteration, and numerical methods. The method presented here is also simple to use for numerical solutions of the equations.
In this paper, based on model equations of plasma for ETG mode, the linear dispersion relation and the Korteweg-de Vries-type (KdV) equation are derived to investigate the effect of τ, h e and B on the soliton profile. The solution of the KdV equation is obtained by HPM. By changing the values of parameters τ, h e and B, interesting results for the soliton profile are obtained for ETG mode in the plasma considered.
Basic model equations
We consider an electron-ion plasma embedded in a uniform magnetic field =B B z.
0
The gradients of unperturbed electron number density ( ) n x 0 and electron temperature ( ) T x e0 are assumed to be along the x-axis. We also assume that frequency of the ETG mode is much smaller than the electron gyro-frequency. Electrostatic fluctuations are considered for which f = - E , where f represents the electrostatic potential of the waves.
The expression for ion number density is given by
Under the low-frequency limit (compared with w = ce eB m c e 0 ) the drift approximation yields
is polarization drift. = -ṕv z p · /q n B j j e 0 and v z e is z-component of electron fluid velocity. We know that the continuity equation for electrons is
The momentum equation is
e e e e e e and the energy equation is and n , e v e and T e are total electron density number, electron fluid velocity and the electron temperature, respectively, and p is stress tensor.
Our system is closed with the quasi-neutrality approximation » n n . 
Linear dispersion relation
Using drift approximations in the electron continuity equation and following the procedure of Weiland [47] , this equation takes the form,
where The parallel component of the momentum equation, after some manipulations and by following the procedure suggested by Shukla et al [48] , takes the form,
Similarly, the energy equation becomes 
Fourier transformations of (5)
Combining (8)- (10), we find the dispersion relation r t w w r h t w w w t w w h The standard soliton theory is based on the assumption of weak non-linearity and weak dispersion of perturbations that compensate each other so that the shape of nonlinear waves does not change. The dispersion relation (12) is congruent with the standard weak-wave dispersion relation for ETG mode.
Derivation of KdV equation
As we have considered ETG mode whose particles are electrons and ions, we then introduce transformation x = -y az ut, where u is the velocity of nonlinear waves and a is a very small angle with the z-axis. In this new frame, the continuity equation takes the form t f r f r t Using (14) and (15) in (13), we obtain the nonlinear KdV equation as In equation
then we can take the initial
to proceed in HPM, where
we can calculate 
Now, comparing equation (21) with (17), we finally obtain In [51, 52] , the authors studied the soliton formation and effects of entropy on soliton profile in ITG mode by HPM technique.
Results and discussion
In order to study the solitary waves in ETG-driven magnetoplasma, we can use equation (22) in our plasma model. The numerical analysis of f leads us to investigate the soliton formation in ETG mode. Equation (22) shows that the dispersive coefficient and nonlinear coefficient depend upon is negative. Therefore, only rarefactive solitons can be created. Because of the use a weakly nonlinear analysis, the potential f has to range from 0 to −1. This means that the soliton amplitude does not exceed, 1 and we have to choose parameters to maintain the weakly nonlinear nature of our analysis. We numerically normalize the solitary solution (22) and draw different figures with different plasma parameters of the tokamak plasma. From these figures we see the amplitude of solitary waves is negative. In figures 1, 2 and in figure 3 , one can observe that the soliton (dot line). profile is sensitive to t
and B respectively. In figure 1 , the amplitude of a soliton decreases with an increase in the electron temperature, and the width of a soliton increases with an increase in the electron temperature. The same result is observed with variation in h e and B in figure 2 and figure 3 . These results are in agreement with the basic definition of soliton propagation. In order to have the soliton propagation from the KdV equation, energy within the wave must be conserved. This condition means that the amplitude must vary inversely with the width and vice versa. The present paper applies the aforesaid nature and thus the properties of soliton propagation in a plasma dynamical system. We used some typical parameters of tokamak plasma: = -n 10 cm , 14 3 =B 3 10 G,
The space coordinate x has been normalized with r, which is of order 0.01 cm, =´--C 0.55 10 cm s
Conclusion
We have addressed the problem of soliton formation driven by the ETG mode in magnetized inhomogeneous plasma. We have derived the linear dispersion relation and found that the derived relation is congruent with the standard weak-wave dispersion relation in the ETG mode. We have also derived the KdV equation from the model equations of ETG mode. We use the HPM to handle the derived KdV equation. Our results show that the solitary waves appear in such plasmas and the effect of the ratio of electron-to-ion temperature modifies the structures of the solitary waves. Additionally, it is found that ratio of gradient scale lengths and magnetic field have an effect on solitary waves. If we increase the electron temperature, then the soliton amplitude decreases, and the soliton width increases. Similarly, if we increase the magnetic field, then the soliton width increases, while the soliton amplitude decreases. The same result is observed when we increase the value of h . e It is observed that the solitons are rarefactive (with -ive amplitude) for ETG mode. In this work, the results are congruent with the soliton theory. In the plasma, the KdV equation is an important one as it admits a solitary wave solution and the HPM is found to be a good (and easy-to-use) tool to solve the KdV equation. It is worth pointing out that this work may be useful in studying the low electrostatic modes in inhomogeneous electron-ion plasma with density and ETG gradients.
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